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Abstract
Organic chlorinated compounds (aldrin, α-endosulfan, β-endosulfan, 2,4’-DDT, and 4,4’-DDE)
and polychlorinated biphenyles (PCB28 and PCB52) were screened in fish culture cages off the
Aegean Coast of Turkey. Sea bass (Dicentrarchus labrax) and sea bream (Sparus aurata) were
randomly selected from three coastal areas during June-December 2004. Samples of 114 fish
were analyzed by gas chromatography (GC) with an electron capture detector and GC-mass
spectrometry (GC-MS). No residues exceeding limits established by the European Union
Directive were detected. However, 4,4’-DDE was found in 2.63% of the samples. The amounts
of residues in all positive samples were lower than the maximum tolerance limits (0.2-1 mg/kg)
accepted by the EU Directive. Contamination levels varied with species, ranging 18-200 ng/g wet
weight. Other chemicals were not detected in fish samples.
Introduction
Industrial pollution and common use of
organochlorine pesticides (OC) over the last
five decades threaten aquaculture due to
polychlorinated biphenyl (PCB) residues
(Naso et al., 2005; Coelhan et al., 2006). PCB
are dangerous pollutants because of their tox-
icity, stability, high liposolubility, long biologi-
cal half-life, and consequent high degree of
bioaccumulation (Di Muccio et al., 2002).
They are persistent in the environment and
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tend to accumulate in aquatic ecosystems
(Pastor et al., 1996; Sahagun et al., 1997;
Loizeoi et al., 2001ab; Antunes and Gil, 2004;
Borga et al., 2004; El Nemr and Abd-Allah,
2004). 
The pollutants are transferred to fishery
units from the surrounding environment or via
diets. The lipid content in fish influences the
bioaccumulation process (Pastor et al., 1996;
Antunes and Gil, 2004; Coelhan et al., 2006).
Thus, consumption of contaminated fish could
be a serious risk to humans (Naso et al.,
2005; Sun et al., 2006).
While many studies deal with contamina-
tion of fish with various chemicals in Turkey,
few studies deal with OC and PCB residues in
the Aegean Sea where there is intensive fish
farming. The most commonly cultivated
species in the Aegean are sea bass
(Dicentrarchus labrax) and sea bream (Sparus
aurata), comprising 28% and 22% of Turkey’s
total fish production, respectively (Dikel,
2005). The Aegean Sea receives extensive
discharges from industrial cites and dumped
sewage sludge from highly populated nearby
cities. The aim of the present study was to
determine the levels of some OC pesticides
(aldrin, α-endosulfan, β-endosulfan, 2,4’-DDT,
4,4’-DDE) and PCB (PCB28, PCB52) in culti-
vated sea bass and sea bream from three
areas along the Turkish Aegean coast.
Materials and Methods
Biological materials. Sixty-seven sea bass
and 47 sea bream were collected from cage
farms off the shores of Izmir (northern
Aegean), Aydin (mid-Aegean), and Mugla
(southern Aegean) during June-December
2004 (Table 1). The mean weight and length
of the sea bass were 276.2 g and 29.4 cm and
of the sea bream 318.5 g and 18.7 cm. The
samples were stored in deep-freeze (-70°C)
for laboratory analyses conducted in 2004
and 2005.
Standard solutions. Standards for OC
(aldrin, α-endosulfan, β-endosulfan 2,4’-DDT
and 4,4’-DDE) and PCB (PCB28 and PCB52)
were obtained from Dr. Ehrenstorfer GmbH
(Referans Chemical, Ankara). Six replicates
of each calibration standard (at concentra-
tions of 0.1, 0.5, 1, 2, and 4 µg/ml for each
substance) were prepared from a reference
standard solution (10 ng/µl).
Chromatographic conditions. Qualitative
and quantitative data were generated from
gas chromatography (GC) and gas chro-
matography-mass spectrometry (GC-MS).
Analyses were performed in a Hewlett
Packard 6890 N gas chromatograph with an
electron capture detector (ECD). Separation
was performed on a HP-5 capillary column
(HP code 19091J-413 HP-5; 5% phenyl
methyl siloxane, 30 m x 0.32 mm I.D.).
Chromatographic conditions were prepared
as outlined by Di Muccio et al. (2002). The col-
umn temperature program was 60°C for 2
min, an increase of 10°C/min up to 160°C,
and a further increase of 2°C/min up to 250°C
at which it was held for 10 min. The carrier
gas was helium, supplied at a constant flow-
rate of 1.5 ml/min. The temperature of the
detector was 300°C. 
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Sample collection (2004) Species
Region Jun Jul Aug Sep Oct Dec Sea bass Sea bream
Northern 5 5 5 4 5 4 16 12
Mid 2 2 3 2 3 3 6 9
Southern 12 10 10 14 12 13 45 26
Total 19 17 18 20 20 20 67 47
Table 1. Number of samples from cage farms off the Izmir (northern Aegean), Aydin (mid-
Aegean), and Mugla (southern Aegean) coasts of Turkey
Sample preparation. Samples were
processed as outlined by Di Muccio et al.
(2002). Twenty-five gram samples of homog-
enized fish were transferred to a 250-ml cen-
trifuge tube, then 100 ml light petroleum-ace-
tone (1/1, v/v) was added. The mixture was
homogenized for 2 min, 100 ml of a sodium
chloride solution (5%) was added, and the
mixture was centrifuged for 15 min at 1500
rpm. The organic phase was transferred to a
column of anhydrous sodium sulfate (25 g in a
glass tube, 200 x 20 mm I.D.). The solvent
was collected into a 250-ml Erlenmeyer flask.
Extraction was repeated with 2 x 50-ml por-
tions of light petroleum. The combined solvent
phases were concentrated to a small volume
(about 1 ml) in a rotary evaporator and dried
by manually rotating the flask (bath tempera-
ture of 40°C with reduced pressure). After dis-
solving the residue with 1 ml n-hexane, the
eluate was transferred to an Extrelut-NT 3
cartridge (Merck, cat. no. 115095). The n-
hexane solution was allowed to drain into the
cartridge and sit for 10 min. The solvent was
removed by passing a stream of nitrogen
through the cartridge at 0.5 l /min for 30 min,
from the bottom to the top.
After the above procedure, about 1 cm fill-
ing material remained in the Extrelut-NT 1 car-
tridge (Merck, cat. no. 115094), located under
the Extrelut-NT 3. C18 material (0.36 g) was
added and the cartridge was filled with filling
material. The eluate was obtained with ace-
tonitrile (4 x 5 ml) in an Erlenmeyer flask and
evaporated at a bath temperature of 40°C
under reduced pressure. The dissolved
extract (in 1 ml n-hexane) was transferred to a
glass column filled with activated florisil and
anhydrous sodium sulfate. The column was
washed with n-hexane.
The eluate was obtained at three fractions.
DDE, DDD, and PCB were collected from the
column with 30 ml n-hexane (6 x 5 ml) in the
first fraction. DDT was collected with 25 ml n-
hexane/toluene (v/v, 80/20, 5 x 5 ml) in the
second fraction. Aldrin and endosulfan were
collected with 30 ml n-hexane/toluene/ethyl-
acetate (v/v/v, 180/19/1, 6 x 5 ml) in the third
fraction. All the extracts were mixed together
and 1 ml isooctane was added to the extract
as a protective. The extract was evaporated
by an evaporatory (reduced pressure and
bath temperature of 50°C). The extract (1 µl
injection volume) was injected into GC-MS
with an ECD.
Validation. To validate our methods, the
following parameters were determined: limit of
detection (LOD), limit of quantification (LOQ),
linearity, recovery, precision, and accuracy.
LOD (ng/g) was calculated on the basis of
a signal-to-noise ratio of 3 by spiking the fish
samples at low concentrations. This ratio in
LOQ calculations was roughly 10. For lineari-
ty (correlation of coefficients; r2), a five-level
(0.1-4 µg/ml) calibration series with three
analyses at each concentration level were
determined and a calibration curve was auto-
matically calculated. Recovery (%) was calcu-
lated as the percentage using the extraction
process after spiking (fortifying) by adding 50,
100, or 200 ng/g OC or PCB (n = 6) on a HP-
5 capillary column. Precision (relative stan-
dard deviations; RSD; %) and accuracy (rela-
tive standard errors; %) were determined on
spiked pesticide-free fish samples at three
concentrations with a calibration curve (n = 6).
All samples were freshly prepared from stan-
dard solutions (1 ng/µl). Accuracy was calcu-
lated as (concentration measured - concen-
tration known)/concentration known x 100.
Chromatograms of blank fish samples and
OC and PCB mix standards (1 ng/µl) on a HP-
5 capillary column are shown in Fig. 1.
Retention times of OC pesticides were 25.73,
31.08, 33.43, 35.49, and 36.76 min for aldrin,
α-endosulfan, 4,4’-DDE, β-endosulfan and
2,4’-DDT, respectively. Retention times for
PCB28 and PCB52 were 22.93 and 24.94
min, respectively. Calibration graphs were
established within the range of 0.1-4 µg/ml.
Results
Among the organochlorinated compounds,
only 4,4’-DDE was detected in the present
study and it was detected in both fish species
(Table 2). Of 67 sea bass, only two (both from
the southern area) contained 4,4’-DDE. The
4,4’-DDE levels in these two samples were 18
and 25 µg/kg, below the maximum residue
limit (MRL) of the European Union Directive
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(1986). Of 47 sea bream, only one sample
(also from the southern area) had 4,4’-DDE
residue and it contained 200 µg/kg, also
below the MRL. Recovery was higher for OC
than PCB. Chromatograms of spiked samples
(100 ng/g) for OC and PCB are shown in Fig.
2. The results of OC pesticides and PCB con-
taminations are shown in Table 3. Analyses of
the three fish containing 4,4’-DDE residues
are given in Fig. 3.
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Fig. 1. Chromatograms of (a) blank fish sam-
ples, (b) organic chlorinated compound (OC) stan-
dards (A = aldrin peak, B = α-endosulfan peak, C =
4,4’-DDE peak, D = β-endosulfan peak, E = 2,4’-
DDT peak), and (c) polychlorinated biphenyle
(PCB) standards (A = PCB28 peak, B = PCB52
peak).
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Discussion
In general, the DDE values detected in this
study are consistent with previous results.
4,4’-DDE was found in greater concentrations
than any other OC or PCB and ranged 18-200
µg/kg fish. In Mullus barbatus from the east-
ern Aegean Sea, 4,4’-DDE ranged 10-18
µg/kg (Kucuksezgin et al., 2001) and in trout
from the Kaweah River (California), p,p’-DDE
ranged 40.1-65.7 ppb and was higher than the
PCB level (Datta et al., 1998). In a few sam-
ples of Italian mullet, DDE compounds ranged
2.44-25.90 µg/kg (below the MRL) while no
appreciable PCB residues were detected
(Licata et al., 2003). DDT was more common
than PCB and hexachlorobenzene (HCB) in
sharks from the Italian Mediterranean (Storelli
and Marcotrigiano, 2001) while DDE levels
were higher in mackerel, anchovy, and red
mullet, which have high lipid contents (<0.01-
19.88 ng/g wet wt), than in other aquatic
257Chlorinated pesticide and polychlorinated residues in cage culture
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Fig. 2. Chromatograms of spiked samples (100
ng/g) of (a) organic chlorinated compounds (OC; A
= aldrin peak, B = α-endosulfan peak, C = 4,4’-DDE
peak, D = β-endosulfan peak, E = 2,4’-DDT peak)
and (b) polychlorinated biphenyles (PCB; A =
PCB28 peak, B = PCB52 peak) on HP-5 capillary
columns. C
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species from the coast of Italy (Di Muccio et
al., 2002). In fish from Egypt, p,p’-DDE domi-
nated all other p,p’-isomers (El Nemr and
Abd-Allah, 2004). In salmonids from Lake
Tahoe (USA), p,p’-DDE contamination ranged
5-85 ppb and PCB 18-430 ppb (Datta et al.,
1999). In fish from the USA/Mexican border
area, the most commonly found DDT com-
pound was p,p’-DDE at a high concentration
of 10 µg/g wet wt (Mora et al., 2001).
In our study, 3% of the sea bass and 2% of
the sea bream were contaminated by 4,4’-
DDE, with a higher accumulation in sea bream
than in sea bass. This can be attributed to dif-
ferences in their lipid content, the most impor-
tant factor in bioaccumulation of OC (Bayarri
et al., 2001; Kucuksezgin et al., 2001; Antunes
and Gil, 2004). In addition, feeding, habitat,
fish size/age, and temperature play a role in
pollutant accumulation (Kannan et al., 1995;
Pastor et al., 1996; Kucuksezgin et al., 2001;
Loizeoi et al., 2001ab; Mora et al., 2001;
Pandit et al., 2001; Hoekstra et al., 2003).
In samples from the Marmara Sea, DDT
pesticides composed most of organochlorine.
Levels in the Marmara were lower than in the
Black Sea but higher that in the Aegean and
Mediterranean Seas. Thus, inflow from the
Black Sea might be the source of pesticide
contamination in the Marmara. On the other
hand, total PCB concentration was lower than
in the Aegean and Mediterranean (Coelhan et
al., 2006). In our study, the southern area
was more contaminated than the northern
and mid areas, indicating that the southern
area is still under the influence of OC.
Indeed, the main reason for OC contamina-
tion can be related to the persistence of OC
pesticides that were widely used in agricul-
ture before 1985 in Turkey. The illegal use of
some OC pesticides such as DDT continued
beyond that year in the Goksu Delta of
Turkey (Ayas et al., 1997). 
In conclusion, the only OC or PCB detect-
ed in samples of sea bass and sea bream
from the Aegean coast of Turkey was 4,4’-
DDE, and that was detected at a level lower
than the maximum residue level determined
by the EU Directive. This positive finding for
Turkish aquaculture on the Aegean coast may
Koc et al.
Fig. 3. Chromatograms of fish samples contam-
inated by 4,4’-DDE: (a) sea bass (18 µg/kg), (b) sea
bass (25 µg/kg), and (c) sea bream (200 µg/kg) on
a HP-5 capillary column (C = 4,4’-DDE peak).
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be the result of legislation and enforcement of
the ban on use of all OC pesticides and toxic
chemicals in 1985.
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